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Description 

Technical  Field 
The  present  invention  concerns  an  optical  fiber 

position  sensor. 

Background  Art 
In  optical  communications  and  measurement 

systems,  optical  signals  are  often  transmitted 
across  in  a  gap  formed  between  two  glass  fiber 
ends.  It  is  well  known  that  signal  losses  can  occur 
due  to  offset,  angular  misalignment,  and  surface 
defects  at  the  terminal  ends  of  the  fibers.  A 
conventional  way  of  making  connectors  and  other 
like  fittings  for  holding  fibers  is  to  retain  them 
with  an  epoxy  resin.  For  example,  to  make  a 
fitting  which  would  hold  the  terminal  ends  of  a 
multiplicity  of  fibers  a  plate  would  be  cut  with 
grooves  suitable  to  receive  the  fibers,  the  fibers 
would  be  laid  in  the  grooves,  a  cover  plate  would 
be  added,  and  epoxy  resin  would  be  infiltrated  to 
surround  and  fixedly  retain  the  fibers  in  their 
grooves. 

Similar  techniques  have  been  used  to  manufac- 
ture  a  specialized  optical  fiber  device  in  which 
fiber  array  spacing  and  fiber  end  quality  are 
especially  critical.  This  is  an  optical  position 
sensor  which  is  comprised  of  a  multi-channel 
binary  encoded  modulator  plate  placed  between 
the  transmit  and  receive  ends  of  a  fiber  optic 
array.  The  components  of  the  sensor  comprise 
the  fiber  optic  array  transmitter,  a  light  source 
coupled  to  the  transmitter;  a  receiver  precisely 
matching  the  transmitter  fiber  array  with  an  equi- 
valent  number  of  channels,  with  each  channel 
coupled  to  a  photodetector;  and  a  movable 
modulator  plate  which  is  connected  to  the  article 
for  which  movement  sensing  is  desired.  The 
modulator  plate  is  perforated  and  intercepts  the 
light  propagating  through  the  transmit/receive 
gap.  To  make  such  a  device,  it  is  important  that 
the  opposing  transmit  and  receive  ends  be  identi- 
cally  aligned  for  optimal  light  transmission;  it  is 
also  important  that  the  spatial  relationship 
between  the  multiplicity  of  fiber  ends  correlate 
exactly  with  the  hole  spacings  in  the  modulator 
plate. 

In  miniature  sized  sensors  which  will  produce  a 
resolved  linear  motion  of  0.127  mm,  a  0.025mm 
separation  between  channels  must  be  imple- 
mented.  In  doing  this,  it  is  necessary  to  precisely 
align  and  space  the  fibers  to  form  mirror  image 
multi-channel  fiber  arrays  (e.g.  nine  channels)  on 
the  transmit  and  receive  sides.  In  utilizing  a 
typical  approach  described  above,  a  metal  con- 
nector  was  made  and  cut  in  two,  transverse  to  the 
axes  of  the  fibers.  The  opposing  cut  surfaces  were 
polished  to  make  the  transmit  and  receive  sides. 
However,  it  was  observed  that  there  was  variation 
in  spacing  between  the  individual  fibers,  due  to 
slight  lateral  movement  of  some  of  the  fibers 
within  their  U-shaped  grooves.  The  amount  of 
epoxy  on  one  side  of  the  groove  was  bigger  than 
on  the  other  side  even  though  a  minimal  practical 
fit  was  obtained.  Therefore,  the  fiber  spacing  did 

not  exactly  correspond  with  that  of  the  modulator 
plate  holes.  Furthermore,  there  were  voids  at 
certain  locations  in  the  epoxy  resin  where  the  cut 
ends  were  exposed.  This,  combined  with  what 

5  appeared  to  be  the  inherent  properties  of  the 
epoxy  resin,  resulted  in  glass  fiber  ends  which 
tended  to  have  either  scratches  (presumably  due 
to  accumulation  of  polishing  grit  and  passage  of 
an  agglomerate  across  the  surface  of  the  fiber) 

10  and  slight  edge  chips  (presumably  due  to  either 
voids  or  strength  limitations  for  the  epoxy  under 
the  action  of  the  polishing.)  Despite  careful  pro- 
cedures,  it  was  found  very  difficult  to  make  a 
connector  which  had  excellent  light  transmittance 

15  and  excellent  dimensional  precision. 
Also,  certain  optical  fiber  devices  are  intended 

for  use  in  environments  which  may  have  either 
high  temperature  or  high  moisture  content.  For 
both  these  circumstances,  epoxy  resins  present 

20  limitations.  They  tend  to  absorb  moisture  which 
can  lead  to  fiber  degradation  at  the  interface 
between  the  fiber  and  the  epoxy.  They  also  are 
temperature  limited  and  the  epoxy  resin  will  start 
oxidizing  at  elevated  temperatures.  In  these 

25  instances  and  others,  better  hermetic  seals  are 
desired  than  epoxy  resins  allow. 

Of  course,  there  is  a  considerable  prior  art 
relating  to  the  making  of  terminal  fittings  for 
optical  fibers.  While  the  device  described  above  is 

30  somewhat  distinct,  connectors  for  making  splices 
have  received  considerable  development.  See 
particularly  the  article  "Preparation  of  Optical 
Fiber  Ends  for  Low  Loss  Tape  Splices"  by 
Chinnock,  Volume  54,  No.  3  (March  1975),  pp. 

35  471  —  477  and  the  article  "A  Vacuum-Assisted 
Plastic  Repair  Splice  for  Joining  Optical  Fiber 
Ribbons"  by  Cherin  et  al,  Volume  58,  No.  8, 
(October  1979),  pp.  1825—1838,  both  in  The  Bell 
System  Technical  Journal,  American  Telephone 

40  and  Telegraph  Company,  New  York. 
Connectors  which  do  not  use  epoxy  have  been 

investigated.  For  instance,  the  article  "Epoxyless 
Fiber  Optic  Connector  Concepts  for  Single-Fiber 
Cables"  by  Esposito-in  Electronic  Packaging  and 

45  Production  (January  1979),  pp.  216—220, 
describes  connectors  which  employ  deformable 
plastic  plugs.  Also  discussed  therein  is  the  use  of 
solders  including  60/40  tin-lead  solder  and  50/50 
indium-tin  solder.  But  while  there  was  initial 

so  success,  there  was  a  lack  of  reproducibility  and  it 
was  concluded  that  solder  use  was  not  promising. 
It  was  surmised  that  the  effect  was  simply 
mechanical,  in  that  upon  solidification  the  solder 
shrunk  and  physically  secured  the  fiber.  In  U.S. 

55  Patent  4,1  19,363  to  Camlibel  et  al  a  single  optical 
fiber  sealed  in  a  housing  by  means  of  solder  is 
also  described.  There  it  is  said  specifically  that  the 
solder  upon  solidifying  and  cooling  squeezes 
against  the  fiber  to  form  a  hermetic  seal.  In  the 

so  Camlibel  et  al  fitting,  the  fiber  is  precisely  aligned 
by  the  mechanical  configuration  of  the  housing. 
Related  U.S.  Pat.  No.  4,252,457  to  Benson  et  al 
mentions  again  the  problems  involved  in  getting 
actual  bonds  between  metal  and  glass  and  dis- 

ss  closes  a  method  which  involves  swaging  of  a  soft 

2 
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letal  connector  around  the  glass  fiber,  i  nus,  it 
an  be  seen  that  while  metal  solder  joints  are 
ttractive  in  substitution  of  epoxy  joints,  they 
ave  been  used  in  a  limited  manner  and  without 
reat  success. 
Another  limitation  of  connectors  is  that  they 

annot  be  constructed  with  disregard  to  the  flex- 
ig  which  takes  place  at  the  point  at  which  the 
iber  exited  the  connector  at  the  side  opposite  the 
idished  face.  While  a  fiber  is  covered  by  a  typical 
lolymer  coating  up  to  the  point  at  which  it  enters 
he  connector,  it  was  prone  to  breakage  at  that 
ioint  due  to  flexing  stress.  While  supplementary 
nechanical  devices  which  grasp  the  jacket  may  • 
ie  utilized,  a  simplified  procedure  was  sought, 
ireferably  using  the  resin  which  bonded  the  fiber 
ito  the  connective  body.  However,  the  epoxy 
esins  that  were  regularly  used  did  not  tend  to 
tond  well  to  the  polymer  jacket. 

Accordingly,  there  has  been  a  need  for 
mprovement  in  making  fiber  optic  array  connec- 
ors  in  general  and  in  the  use  of  metallic  solders  in 
(articular. 

According  to  the  invention  there  is  provided  an 
>ptical  fiber  position  sensor  comprising  a  planar- 
aced  device  for  transmitting  an  optical  signal  and 
i  matching  planar-faced  device  for  receiving  the 
jptical  signal,  each  device  having  an  identical 
irray  of  a  multiplicity  of  fibers,  the  devices  being 
jositioned  so  that  the  planar  face  of  each  opposes 
he  other  across  a  gap;  and  a  movable  modulator 
jlate  positioned  within  the  gap  and  capable  of 
ntercepting  an  optical  signal  transmitted 
jetween  the  devices,  the  plate  having  perfora- 
ions  on  a  spacing  pattern  which  correlates  with 
he  spacing  pattern  of  the  terminal  ends  of  the 
ibers,  the  motion  of  the  plate  varying  the  oppos- 
ng  pairs  of  fibers  in  the  arrays  through  which 
ight  can  be  transmitted  characterized  in  that  each 
Dlanar-faced  device  comprises  of  a  holder  having 
a  planar  face  and  a  plurality  of  metal  surfaced 
nterior  channels;  glass  optical  fibers  coated  with 
3  first  metal  are  contained  within  said  channels 
/vith  their  planar  terminal  ends  spaced  apart  in  a 
spacing  pattern  along  the  planar  face  of  the 
holder;  a  cast  and  solidified  second  metal  is 
.ontained  within  the  channels  and  completely 
surrounds  the  fibers,  the  second  metal  wetting 
and  adhering  to  both  the  first  metal  and  the  metal 
surface  of  the  holder;  terminal  ends  of  the  fibers 
are  precisely  spaced  apart  within  the  spacing 
pattern  to  have  a  tolerance  of  less  than  ±  0,003 
mm  and  are  relatively  free  from  small  circum- 
ferential  cracks,  compared  to  a  like  device  made 
with  a  case  polymer  instead  of  a  cast  second 
metal. 

Embodiments  of  the  invention  are  disclosed  in 
the  subclaims. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying 
drawings  wherein: 

Figure  1  shows  an  optical  fiber  array  head 
comprised  of  precisely  spaced  apart  fibers  cap- 
tured  in  a  metal  holder; 

Figure  2  shows  an  optical  position  sensor 

system  wnicn  utilizes  iwu  ui  me  ueviues  siiuwn  in 
Figure  1  together  with  an  interposed  movable 
modulator  plate; 

Figure  3  shows  in  partial  cross  section  a  typical 
jacketed  glass  optical  fiber  from  which  a  portion 
of  the  jacket  has  been  removed; 

Figure  4  shows  a  portion  of  a  two  piece  holder 
in  which  optical  fibers  are  secured  by  solidified 
liquid  metal  in  a  practice  of  the  invention; 

7  Figure  5  is  a  more  detail  view  of  a  portion  of  the 
article  shown  in  Figure  4; 

Figures  6  and  7  are  drawings  of  50X  photo 
micrographs  for  epoxy  and  solder  bonds  respec- 
tively,  showing  the  difference  in  lateral  position- 

5  ing  provided  by  the  two  mediums; 
Figure  8  illustrates  an  intermediate  construction 

from  which  two  holders  having  identical  mating 
fiber  arrays  may  be  made,  for  use  in  the 
apparatus  of  Figure  2; 

o  Figure  9  is  a  cross  section  through  a  metal 
holder  showing  how  both  the  jacket  of  a  fiber  and 
the  clad  fiber  core  may  be  secured  to  the  holder 
by  solder  metal;  and 

Figure  10  illustrates  an  alternate  manner  for 
5  securing  the  jacket  of  a  fiber  to  the  holder. 

Figure  1  shows  a  head  or  terminal  fitting  for  a 
multiplicity  of  optical  fibers,  such  as  would  be 
used  in  the  position  sensor  described  in  the 
background.  The  head  20  is  comprised  of  a  metal 

o  holder  22  having  a  smooth  face  24  on  the  plane  of 
which  are  located  the  terminal  ends  26  of  a 
multiplicity  of  optical  fibers  28.  The  lateral  spac- 
ing  D  between  the  fibers  is  critical;  to  obtain  high 
sensor  resolution  they  ought  to  be  positioned 

is  linearly  from  a  baseline  reference,  such  as  first 
fiber  25,  with  an  accuracy  of  about  ±  0.0025  mm. 
Typically,  the  0.14  mm  fibers  have  a  center  to 
center  spacing  of  about  0.3  mm. 

Figure  2  is  a  planar  view  of  a  position  sensor 
to  comprising  two  heads  20,  20'  together  with  asso- 

ciated  components.  The  fibers  28,  28'  are  cap- 
tured  in  channels  29,  29'  within  the  holders  22, 
22'.  There  is  a  gap  S  between  the  two  heads  and 
within  this  gap  is  the  movable  modulator  plate  30 

is  which  has  spaced  apart  perforations  32  correlated 
with  the  fiber  optic  spacings  in  the  identical 
opposing  heads  20,  20'.  Movement  of  the  plate  30 
in  the  direction  P  causes  light  to  be  selectively 
transmitted  at  selected  fiber  optic  links;  the  per- 

50  forations  in  the  modulator  plate  are  encoded  to 
provide  meaningful  information  on  the  exact 
position  of  the  plate  30.  In  use,  light  from  a  source 
34  is  conducted  through  fibers  28  to  the  transmit- 
ter  head  20,  is  emitted  from  the  polished  ends  26 

55  and  across  space  S  through  a  plate  opening,  and 
is  received  at  the  terminal  ends  of  the  fibers  28'  in 
the  receive  head  20',  then  conveyed  to  the 
detector  36. 

Figure  3  shows  a  typical  optical  fiber  37,  such  as 
60  a  Corning  Type  1505  (Corning  Glass  Works,  Corn- 

ing,  NY).  This  fiber  has  a  quartz  core  38  of  0.1  mm 
diameter  surrounded  by  a  glass  cladding  40  of 
about  0.020  mm  thick.  The  clad  core  is  housed  in  a 
polymer  jacket  42  consisting  of  a  radiation  cured 

65  acrylate  polymer  of  about  0.12  mm  thick.  Figure  3 

o 
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shows  the  jacket  42  removed  from  a  length  L1  of 
the  fiber  to  expose  the  core. 

Figures  4  and  5  show  how  a  head  is  made.  A 
holder  44  is  comprised  of  a  first  base  part  46  and  a 
second  cover  part  48.  Grooves  50  are  placed  in 
the  surface  of  the  first  part  46.  These  grooves  may 
be  made  by  conventional  machining,  chemical 
milling,  or  other  known  means.  The  portion  of  the 
fiber  which  is  to  be  included  in  the  holder  is 
stripped  of  its  jacket  by  mechanical  or  chemical 
removal,  to  expose  the  clad  core  38,  40  shown  in 
Figure  3.  The  clad  surface  is  then  metallized  by  a 
conventional  technique,  such  as  by  radio  fre- 
quency  sputtering,  vacuum  evaporation,  electro- 
less  plating  or  ion  beam  plating.  For  the 
aforementioned  Type  1505  fiber,  my  tests  have 
shown  that  electroless  plating  and  vacuum  evap- 
oration  are  less  preferred  because  they  did  not 
provide  sufficient  bond  strength  between  the 
deposited  metal  and  the  quartz  cladding  40.  I 
prefer  ion  beam  plating,  especially  when  a  por- 
tion  of  the  jacket  is  to  be  metallized,  as  described 
below  in  connection  with  Figures  9  and  10.  Pre- 
verably,  the  ion  plating  is  nickel  metal  of  about  1 
x  10"6  m  thick. 

The  holder  44  is  preferably  made  of  steel,  such 
as  17—4  PH  stainless  steel,  or  other  metal  which 
can  be  soldered.  The  holder  may  also  be  made 
from  fused  quartz  or  other  non-metal,  in  which 
case  the  surfaces  to  be  soldered  must  be  metal 
vapor  coated  by  known  techniques,  such  as  by 
radio  frequency  sputting  using  a  chromium-gold 
deposit,  followed  by  an  electroless  nickel  plate. 

After  application  of  the  thin  metal  coating,  the 
fibers  are  inserted  into  the  channels,  the 
assembly  is  heated  and  a  low  melting  point  liquid 
metal  is  infiltrated  by  capillary  action  into  the 
channels.  Various  metals  can  be  used  for  this 
purpose,  such  as  those  ordinarily  used  for  joining 
metals.  Preferably,  60  Sn/40  pb  solder,  having  a 
melting  point  of  183  —  190°C,  is  utilized  in  the  rosin 
core  configuration  familiar  in  the  electronics  field. 
As  will  be  appreciated  with  the  further  disclosure 
herein,  various  other  low  temperature  and  high 
temperature  solders  may  be  used.  However,  it  is 
important  that  the  metal  have  a  melting  point  less 
than  the  melting  point  of  the  thin  metal  coatings 
which  are  deposited  on  the  fiber  (or  on  the 
surfaces  of  a  non-metallic  holder).  And  of  course, 
the  soldering  temperature  must  be  less  than  that 
which  degrades  the  fiber  or  holder. 

Figure  5  shows  a  detail  view  of  one  of  the 
grooves  of  the  holder  shown  in  Figure  4  after  the 
soldering  operations  has  been  completed.  The 
core  38  with  its  cladding  40  and  a  thin  metal 
coating  52  is  completely  surrounded  by  the  solder 
54  whch  fills  the  groove  50.  The  solder  has  wetted 
and  is  bonded  to  the  metal  coating  52  and  to  the 
surfaces  of  the  holder  portions  46  and  48.  It  is  also 
seen  in  this  embodiment  that  the  solder  54  has 
flowed  into  the  gap  56  between  the  holder  parts 
to  aid  in  holding  them  together.  Of  course,  the 
two  parts  46,  48  of  the  holder  44  may  alternatively 
be  held  together  as  by  bolting,  welding  or  other 
fastening. 

I  have  discovered  that  there  are  far  superior 
results  obtained  when  liquid  metals,  such  as 
common  solder,  are  used  in  substitution  of  epoxy 
resins.  The  spacing  E  shown  in  Figure  5  between 

5  each  optical  fiber  and  the  sides  of  its  groove  is 
equalized.  In  contrast,  when  using  epoxy  resins 
normal  for  the  purpose,  such  as  Epotek  No. 
353ND  (Epoxy  Technology  Company,  Billirica, 
Massachusetts),  the  fiber  will  tend  to  lie  randomly 

w  with  respect  to  its  lateral  position  within  the 
groove.  That  is,  the  value  of  E  will  not  be  equal  on 
each  side  and  will  vary  from  groove  to  groove  in  a 
holder. 

Figures  6  and  7  are  line  drawings  of  actual 
15  cross-sectional  50X  photomicrographs  which 

dramatically  illustrate  the  difference  between  the 
old  and  new  methods.  Figure  6  shows  0.140  mm 
dia  fibers  94  encapsulated  by  epoxy  102  in  a  two- 
part  96,  98  quartz  housing  having  saw  cut 

20  chanells  100.  It  is  seen  that  the  location  of  the 
fiber  varies  to  the  left  and  right  from  channel  to 
channel. 

Figure  7  shows  fibers  104  which  were  captured 
by  60/40  solder  106  in  a  two  piece  108,  110  quartz 

25  housing  which  had  been  radio  frequency 
sputtered  with  a  duplex  layer  of  0.1  nm  Cr/0.2  nm 
Au  and  then  flashed  with  0.15  nm  electroless 
nickel  plate.  The  fibers  had  an  ion  plating  of  0.001 
mm  copper.  It  is  seen  that  the  fibers  are  nearly 

30  identically  centered  in  their  channels  107.  The 
cover  110  was  not  sufficiently  weighted  and  thus 
is  spaced  apart  from  the  base  108  by  the  con- 
tinuous  horizontal  layer  of  solder.  There  is  soome 
variation  in  vertical  elevation  among  the  solder 

35  bonded  fibers,  but  this  is  not  critical  to  the  use  of  a 
head  in  a  position  sensor.  The  lateral  fiber  spac- 
ing  is  critical  and  the  center  to  center  distance  is 
held  to  a  tolerance  of  less  than  about  ±  0.003  mm 
in  the  soldered  holders. 

40  In  both  examples,  the  grooves  are  about 
0.165—0.190  mm  wide,  or  about  0.025—0.050 
mm  wider  than  the  fiber  diameter.  (The  slight 
groove  taper  is  a  result  of  the  sawing  used  to 
make  the  grooves.)  Ideally  the  opposing  fiber-to- 

45  channel  wall  spacings  E1,  E2  in  Figure  5  are  equal. 
While  in  practice  there  will  be  some  variation.  In 
the  invention  the  smaller  dimension  E1  will  be 
greater  than  10%  of  the  larger  dimension  E2.  This 
is  in  contrast  to  the  epoxy-based  prior  art  where 

so  E1  was  often  less  than  1  0%  of  E2.  Ultimately,  with 
a  very  wide  groove,  it  is  probable  the  physical 
phenomena  which  produce  the  results  cited  will 
not  be  operative.  Therefore,  I  believe  the  groove 
should  be  between  0.010  —  0.060  mm  wider  than 

55  the  fiber  diameter. 
Of  course,  the  groove  spacing  can  be  made 

exact  within  the  tolerances  of  normal  machining 
or  photolithography  processes.  But  from  a  practi- 
cal  standpoint,  it  is  necessary  that  the  groove  be 

60  made  slightly  bigger  in  lateral  dimension  than  the 
diameter  of  the  metal  coated  fiber  which  it  is 
adapted  to  receive.  The  reason  for  this  is  in  part  a 
practical  dimensional  question  to  account  for 
variations  in  groove  width  and  fiber  diameter,  and 

65  in  part  that  it  is  a  requirement  for  certain  applica- 

4 



jns  to  have  the  fiber  totally  surrounaea  wnn  me 
ler  material,  be  it  epoxy  resin  or  metal  as  in  the 
•esent  invention.  If  the  groove  were  slightly 
nailer  than  the  optical  fiber  at  any  point  (as 
light  be  the  case  if  the  groove  were  made 
dremely  close  to  the  optical  fiber  dimension) 
ten  there  is  a  danger  of  damage  to  the  cladding 
-hen  the  assembly  is  made. 
The  invention  is  advantageous  in  the  foregoing 

i  that  completely  surrounding  the  fiber  with 
letal  avoids  any  mechanical  contact  movement 
etween  the  fiber  and  the  holder,  such  as  could 
isult  due  to  vibration  or  thermal  transients. 
There  is  a  further  advantage  to  the  invention 

nd  this  lies  in  the  results  which  are  obtained 
fhen  the  terminal  ends  26  of  the  fibers  are 
olished.  This  polishing  is  accomplished  by  pol- 
ihing  the  entire  face  58  of  the  holder  in  Figure  4 
also  shown  as  face  24  in  Figure  1)  using  3  x 
0"6m  alumina  abrasive  on  a  cast  iron  plate, 
jllowed  by  fine  optical  cloth  polishing.  With  the 
rior  use  of  epoxy,  there  was  some  random 
ccurrence  of  voids  around  the  circumference  of 
le  fiber.  Even  in  the  absence  of  these,  there  was 
tendency  for  slight  chipping  at  the  circumfer- 

nce  of  the  polished  fibers  at  the  face  26.  (This 
/as  especially  observed  in  the  making  of  the 
rticle  in  Figure  8,  below.)  This  chipping 
liminished  the  capacity  of  the  optical  fibers  to 
ransmit  or  receive  light  and  adversely  affected 
he  performance  of  the  position  sensor.  With  the 
ise  of  metal,  such  as  lead  solder,  the  chipping 
endency  was  decreased  and  optical  transmission 
mproved. 

The  exact  physics  behind  the  surprising 
mprovements  which  have  been  observed  are  not 
ibvious.  However,  it  is  observable  that  the 
ipecific  gravities  of  the  metals  (8—9)  which  I  used 
ire  substantially  greater  than  the  specific  gravity 
)f  the  quartz  fiber  (2.6),  whereas  the  epoxy  resins 
end  to  have  lower  specific  gravities  (1.1  —  1.3). 
Specifically,  the  specific  gravity  of  60/40  solder  is 
ibout  8.4  and  the  specific  gravity  of  the  Epotek 
553ND  resin  is  1.13.  Thus,  the  metal  would  exert  a 
ju'oyant  force  on  the  fiber  whereas  the  epoxy 
esin  would  not.  Another  distinction  is  that  the 
surface  tensions  of  the  liquid  metal  used  are  of 
:he  order  of  900  —  500  dynes/cm  whereas  the 
spoxy  resin  surface  tensions  are  believed  to  be 
substantially  lower.  Both  buoyancy  and  surface 
tension  aid  the  centering  effect.  Another  differ- 
once  is  that  metals  I  have  used  will  as  a  class 
shrink  substantially  on  solidification  and  cooling 
whereas  epoxy  resins  as  a  class  do  not  shrink 
substantially  on  curing.  This  will  induce  a  tighter 
bond  around  the  glass  fiber  and  put  it  more  in 
compression.  Also,  the  tensile  moduli  of  elasticity 
are  higher  than  those  of  tin  alloys  (4—5.3  x 
104MPa)  and  lead  alloys  (1.4  x  104MPa)  are  higher 
than  those  of  epoxy  resins  (0.05—0.45  x  104MPa). 
These  two  aspects  will  minimize  relative  core 
movement  and  chipping  during  abrasion  and 
polishing. 

Figure  8  shows  how  matching  transmit  and 
receive  heads  can  be  easily  made.  Fibers  60  are 

central  lengths  and  a  thin  metal  coating  is  ion 
deposited  on  the  exposed  clad  core.  The  fibers 
are  laid  in  grooves  62  of  a  first  part  64  of  a  holder. 
A  cover  66  is  placed  on  the  first  part,  the  assembly 
is  raised  to  an  elevated  temperature  and  solder  is 
infiltrated  into  the  grooves,  to  capture  the  fibers 
and  join  the  parts  64  and  66.  After  cooling  the 
assembly  is  cut  in  two  along  the  dashed  line  68, 

i  transverse  to  the  fiber  lengths,  as  by  using  a  0.15 
mm  wide  resinoid  bonded  diamond  cutoff  saw. 
Thereafter,  the  cut  surfaces  can  be  polished  as 
previously  described.  Since  the  fibers  are  cen- 
tralized  within  the  grooves  in  the  vicinity  of  the 

r  cut  68,  the  slight  loss  of  material  incurred  due  to 
sawing  and  polishing  is  not  significant  in  upset- 
ting  the  congruency  between  the  opposing  head 
surfaces.  This  would  not  be  true  to  the  same 
extent  if  the  optical  fibers  followed  a  more 

7  meandering  path  within  the  grooves.  Thus,  it  is 
possible  now  to  make  mating  connectors  which 
have  exactly  the  desired  fiber  optic  spacing. 

The  two  piece  holder  is  the  most  practical 
means  of  making  the  mating  array  as  just 

5  described.  But,  when  making  a  single  unit  at  a 
time,  alternate  approaches  are  possible.  Channels  , 
can  be  created  by  simply  drilling  holes  through  a 
metal  holder.  It  is  important  in  the  invention  that 
the  solder  wet  the  metal  coating  of  the  fiber,  and 

o  the  interior  of  the  holder.  In  addition  to  the  nickel 
coating  which  has  been  described,  various  other 
metals  may  be  used,  such  as  copper  of  1  —  2  x 
10-6  m  thick. 

Other  solders  may  be  used  in  addition  to  the  60/ 
5  40  solder,  preferably  those  based  on  lead  and  tin. 

In  addition,  various  gold  based  solders  familiar  in 
electronics  work  may  be  used,  for  instance  gold 
—  20%  tin  and  gold  —  13%  germanium,  having 
melting  points  of  280  and  356°  respectively.  For 

o  higher  temperature  work  solders  based  on  silver, 
copper  and  nickel  may  be  used. 

As  mentioned  above,  the  polymer  jacket  is 
stripped  from  the  glass  center  part  when  the  fiber 
is  bonded  into  the  holder.  The  typical  polymer 

is  coating  on  an  optical  fiber  is  not  susceptible  to  a 
good  bond  with  the  epoxy  resins  which  have 
been  used  heretofore.  Therefore,  a  problem  has 
thus  been  created,  in  that  the  flexing  strain 
caused  by  movement  of  the  optical  fiber  at  the 

-,o  rear  terminus  of  the  holder  will  cause  eventual 
breakage  of  the  glass  fiber.  This  can  now  be 
ovecome  in  my  invention. 

Figure  9  shows  the  preferred  manner  in  which 
this  is  accomplished.  A  polymer  jacketed  optical 

55  fiber  70  is  stripped  of  its  polymer  jacket  74  for  a 
length  L1  as  previously  described.  However, 
when  the  metal  coating  is  next  deposited,  the 
metal  coating  72  is  caused  to  adhere  to  the  jacket 
74  as  well  as  on  the  cladding  76  which  surrounds 

60  the  quartz  core  78.  Thus,  the  thin  ion  sputtered 
metal  coating  will  extend  back  a  distance  L2 
which  is  greater  than  the  length  L1.  Then  the 
coated  fiber  is  inserted  into  a  previously  prepared 
channel  80  in  a  metal  holder  82,  82'.  Next  the 

65  assembly  is  heated  to  an  elevated  temperature 
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and  liquid  metal,  such  as  60/40  solder,  is  infil- 
trated.  This  centralizes  the  clad  core  76,  78  within 
the  smaller  part  of  the  channel,  and  forms  as  well 
a  bond  with  the  coating  72  which  surrounds  the 
polymer  jacket  and  the  holder.  As  a  result,  there  is 
a  fixed  attachment  of  the  fiber  jacket  to  the  holder 
82  and  any  flexing  of  the  fiber  70  external  to  the 
holder  does  not  result  in  high  stress  on  the  fiber 
core.  As  will  be  evident,  this  aspect  of  the  inven- 
tion  may  be  used  in  combination  with  the  practice 
described  in  connection  with  Figure  9. 

Figure  10  shows  another  embodiment  of  the 
invention  wherein  a  holder  86  does  not  com- 
pletely  encapsulate  the  jacketed  and  metal  vapor 
deposited  portion  88  of  a  jacketed  fiber  90. 
Instead,  the  solder  92  flows  by  capillary  action  to 
join  the  parts  of  the  holder  and  metal  coated 
jacket  which  are  most  proximite.  Although  the 
Figure  10  embodiment  provides  less  support  to 
the  fiber  jacket,  it  tends  to  illustrate  better  the 
principles  of  the  invention  in  that  the  fiber  jacket 
is  held  tensilely  to  the  holder  and  is  not  simply 
mechanically  captured.  Of  course,  the  melting 
point  of  the  solder  which  is  used  to  attach  a 
polymer  jacket  to  the  holder  must  have  a  melting 
point  which  is  less  than  the  temperature  at  which 
the  polymer  will  degrade  during  the  time  of 
soldering  and  higher  than  the  temperature  at 
which  the  head  will  be  used.  For  the  acrylate 
polymer  the  degradation  temperature  is  about 
200°C.  Therefore,  the  60/40  solder  is  suitable,  as 
will  be  other  solders,  including  those  known  as 
Indalloy  #2,  #4  and  #9  (Indium  Corporation, 
Utica,  New  York).  * 

Although  this  invention  has  been  shown  and 
described  with  respect  to  a  preferred  embodi- 
ment,  it  will  be  understood  by  those  skilled  in  the 
art  that  various  changes  in  form  and  detail  thereof 
may  be  made  without  departing  from  the  scope  of 
the  claimed  invention. 

Claims 

1.  An  optical  fiber  position  sensor  comprising  a 
planar-faced  device  (20)  for  transmitting  an 
optical  signal  and  a  matching  planar-faced  device 
(20)  for  receiving  the  optical  signal,  each  device 
having  an  identical  array  of  a  multiplicity  of  fibers 
(28,  28'),  the  devices  being  positioned  so  that  the 
planar  face  of  each  opposes  the  other  across  a 
gap;  and 

a  movable  modulator  plate  positioned  within  the 
gap  and  capable  of  intercepting  an  optical  signal 
transmitted  beween  the  devices,  the  plate  having 
perforations  on  a  spacing  pattern  which  correlates 
with  the  spacing  pattern  of  the  terminal  ends  of  the 
fibers,  the  motion  of  the  plate  varying  the  oppos- 
ing  pairs  of  fibers  in  the  arrays  through  which  light 
can  be  transmitted  characterized  in  that 

each  planar-faced  device  comprises  of  a  holder 
having  a  planar  face  (58)  and  a  plurality  of  metal 
surfaced  interior  channels  (50,  80)  glass  optical 
fibers  coated  with  a  first  metal  (72,  Fig  9)  are 
contained  within  said  channels  with  their  planar 
terminal  ends  spaced  apart  in  a  spacing  pattern 

along  the  planar  face  of  the  holder;  a  cast  and 
solidified  second  metal  (84)  is  contained  within 
the  channels  and  completely  surrounds  the  fibers, 
the  second  metal  wetting  and  adhering  to  both 

5  the  first  metal  and  the  metal  surface  of  the  holder; 
the  terminal  ends  of  the  fibers  are  precisely 
spaced  apart  within  the  spacing  pattern  to  a 
tolerance  of  less  than  ±  0.003  mm  and  are 
relatively  free  from  small  circumferential  cracks, 

w  compared  to  a  like  device  made  with  a  cast 
polymer  instead  of  a  cast  second  metal. 

2.  The  sensor  of  claim  1  wherein  the  second 
metal  has  a  tensile  elastic  modulus  of 
1.3—  5.3x104MPa. 

is  3.  The  sensor  of  claim  1  wherein  each  holder  is 
comprised  of  two  jointed  together  parts,  the  first 
part  having  grooves,  and  the  second  part  closing 
over  the  grooves  to  thereby  form  the  channels, 
characterized  in  that  each  groove  is  between 

20  0.010  —  0.060  mm  wider  than  the  fiber  contained 
therein. 

4.  The  sensor  of  claim  3  wherein  each  fiber  is 
about  0.0140  mm  in  diameter  and  wherein  each 
groove  is  about  0.010  —  0.060  mm  wider  than  the 

25  fiber  diameter. 
5.  The  sensor  of  claim  1  wherein  each  holder  is 

made  of  a  non-metal  surfaced  with  a  metal. 

Patentanspruche 
30 

1.  Lichtleitfaserpositionssensor  mit  einer  Vor- 
richtung  (20)  mit  ebener  Stirnsewite  zum  Senden 
eines  Lichtsignals  und  mit  einer  mit  ihr  zusam- 
menpassenden  Vorrichtung  (20')  mit  ebener 

35  Stirnseite  zum  Empfangen  des  Lichtsignals, 
wobei  jede  Vorrichtung  eine  gleiche  Matrix  aus 
mehreren  Fasern  (28,  28')  hat,  wobei  die  Vorrich- 
tungen  so  positionsiert  sind,  daS  die  ebene  Stirn- 
seite  der  anderen  jeweils  uber  einen  Spalt  gegen- 

40  iiberliegt,  und  wobei  eine  bewegliche  Modulator- 
platte  in  dem  Spalt  angeordnet  und  in  der  Lage 
ist,  ein  Lichtsignal  aufzufangen,  das  zwischen  den 
Vorrichtungen  ubertragen  wird,  wobei  die  Platte 
Perforationen  in  einem  Abstandsmuster  hat,  das 

45  mit  dem  Abstandsmuster  der  AnschluBenden  der 
Fasern  korreliert,  wobei  die  Bewegung  der  Platte 
die  einander  gegenuberliegenden  beiden  Fasern 
in  den  Matritzen,  uber  die  Licht  gesendet  werden 
kann,  verandert,  dadurch  gekennzeichnet,  daS 

so  jede  an  der  Stirnseite  ebene  Vorrichtung  einen 
Halter  aufweist,  der  eine  ebene  Stirnseite  (58)  und 
mehrere  an  der  Oberflache  mit  Metall  iiberzogene 
innere  Kanale  (50,  80)  hat;  da  (3  Lichtleitfasern  aus 
Gals,  die  mit  einem  ersten  Metall  (72,  Fig.  9) 

55  uberzogen  sind,  in  den  Kanalen  enthalten  sind, 
wobei  ihre  ebenen  AnschluSenden  gegenseitigen 
Abstand  in  einem  Abstandsmuster  langs  der 
ebenen  Stirnseite  des  Halters  haben;  daK  ein 
gegossenes  und  erstarrtes  zweites  Metall  (84)  in 

60  den  Kanalen  enthalten  ist  und  die  Fasern  vollstan- 
dig  umgibt,  wobei  das  zweite  Metall  sowohl  das 
erste  Metall  als  auch  die  Metailoberfiache  des 
Halters  benetzt  und  an  denselben  haftet;  daK  die 
AnschluSenden  der  Fasern  einen  prazisen  gegen- 

65  seitigen  Abstand  in  dem  Abstandsmuster  bis  zu 
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nerToleranz  von  wenigerais  ±  0,003  mm  naoen 
nd  relativ  frei  von  kieinen  Umfangsrissen  sind, 
srglichen  mit  einer  gleichen  Vorrichtung,  die  mit 
inem  gegossenen  Polymer  statt  einem  gegosse- 
en  zweiten  Metall  hergestellt  ist. 
2.  Sensor  nach  Anspruch  1,  wobei  das  zweite 

letall  einen  Zugelastizitatsmodul  von 
,3—  5,3x1  04  MPa  hat. 
3.  Sensor  nach  Anspruch  1,  wobei  jeder  Halter 

us  zwei  miteinander  verbundenen  Teilen 
esteht,  wobei  das  erste  Teil  Nuten  hat  und  das 
weite  Teil  uber  den  Nuten  angeordnet  ist  und 
iese  verschlieBt,  urn  dadurch  die  Kanale  zu 
lilden,  dadurch  gekennzeichnet,  dalS  jede  Nut 
wischen  0,010—0,060  mm  breiter  als  die  darin 
nthaltene  Faser  ist. 
4.  Sensor  nach  Anspruch  3,  wobei  jede  Faser  im 

(urchmesser  etwa  0,0140  mm  betragt  und  wobei 
3de  Nut  etwa  0,010—0,060  mm  breiter  als  der 
aserdurchmesser  ist. 
5.  Sensor  nach  Anspruch  1,  wobei  jeder  Halter 

us  einem  Nichtmetall  hergestellt  und  an  der 
)berflache  mit  einem  Metall  uberzogen  ist. 

tevendications 

1.  Capteur  de  position  a  fibre  optique  compre- 
lant  un  dispositif  (20)  a  face  plane  pour  emettre 
in  signal  optique  et  un  dispositif  associe  (20')  a 
ace  plane  pour  recevoir  le  signal  optique,  chaque 
iispositif  comportant  un  reseau  identique  de 
>lusieurs  fibres  (28,  28')  ces  dispositifs  etant 
iisposes  de  telle  facon  que  la  face  plane  de 
:hacun  d'eux  soit  en  regard  de  la  face  plane  de 
'autre,  en  travers  d'un  intervalle,  et  une  plaque 
nodulateur  mobile  placee  dans  I'intervalle  et 
:apable  d'intercepter  un  signal  optique  transmis 
sntre  les  deux  dispositifs,  cette  plaque  compor- 
ant  des  perforations  reparties  suivant  un  modele 
i'espacement  qui  correspond  au  modele  d'espa- 
:ement  des  extremies  des  fibres,  le  mouvement 
ie  la  plaque  entramant  une  modification  des 
Daires  de  fibres  opposees  dans  les  reseaux  a 

iravers  icsquciics  la  lumioie  peui  cue  u  airannoc, 
caracterise  en  ce  que  chaque  dispositif  a  face 
plane  comprend  un  support  comportant  une  face 
plane  (58)  et  une  pluralite  de  canaux  internes  (50, 
80)  a  surfaces  metallisees,  des  fibres  optiques  en 
verre  recouvertes  d'un  premier  metal  (72,  figure 
8)  sont  logees  dans  ces  canaux  avec  leurs  extre- 
mites  planes  espacees  les  unes  des  autres  suivant 
un  espacement,  le  long  de  la  face  plane  du 

?  support,  un  scond  metal  (84)  qui  est  coule  et 
solidifie,  est  contenu  dans  les  canaux  et  il  entoure 
completement  les  fibres,  ce  second  metal  mouil- 
lant  et  adherant  a  la  fois  au  premier  metal  et  a  la 
surface  metallique  du  support;  les  extremites  des 

;  fibres  sont  espacees  d'une  maniere  precse  les 
unes  des  autres  suivant  le  modele  d'espacement, 
avec  une  tolerance  inferieure  a  superposes  0,003 
mm  et  elles  sont  relativement  exemptes  de  petite 
fissures  circonferentielles,  comparativement  a  un 

o  dispositif  similaire  realise  avec  un  polymere  coule 
a  la  place  d'un  second  metal  coule. 

2.  Capteur  suivant  la  revendication  1  caracterise 
en  ce  que  le  second  metal  a  un  module  d'elasticite 
en  traction  de  1,3—5,3  x  10  MPa. 

5  3.  Capteurn  suivant  la  revendication  1  dans 
lequel  chaque  support  est  constitue  de  deux  < 
parties  jointes  I'une  a  I'autre,  la  premiere  partie 
comportant  des  gorges  et  la  seconde  partie  assu- 
rant  la  fermeture  par  dessus  les  gorges  de 

o  maniere  a  former  ainsi  les  canaux,  caracterise  en 
ce  que  chaque  gorge  a  une  largeur  qui  est 
superieure  d'environ  0,01  0—  0,060mm  a  celle  de 
la  fibre  contenue  dans  la  gorge. 

4.  Capteur  suivant  la  revendication  3  caracterise 
is  en  ce  que  chaque  fibre  a  un  diametre  d'environ 

0,0140mm  et  chaque  gorge  a  une  largeur  qui  est 
superieure  d'environ  0,010—  0,060mn  au 
diametre  de  la  fibre. 

5.  Capteur  suivant  la  revendication  1  caracterise 
to  en  ce  que  chaque  support  est  realise  en  un 

materiau  non  metallique  dont  la  surface  est 
recouverte  d'un  metal. 
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